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Abstract of JP 7322392 (A) 

PURPOSE:To provide an ultrasonic sensor element 
to be used for an air bubble detector detecting air 
bubble incorporated within a tube in a medical 
pump, giving an alarm and stopping liquid to be fed 
and the medical pump system using the sensor 
element. CONSTITUTION The one electrode 4 of 
electrodes 3 and 4 facing each other across a 
piezoelectric element 1 is extended up to the side 
surface of the piezoelectric element 1 , the electrode 
4 is defined as a side surface electrode 5, and the 
end part 3a of the other electrode 3 is provided with 
an electrode non- printing part 3b. A recessed part 2 
is formed in this electrode non-printing part 3b. 
Because the polarization of the horizontal direction 
of the piezoelectric element 1 is prevented by the 
recessed part 2 when voltage is impressed on the 
electrodes 3 and 4 and the piezoelectric element 1 
is polarized, the piezoelectric element 1 is efficiently 
polarized in a thickness direction and piezoelectric 

pump system using this piezoelectric element, air 
bubble incorporated within the tube can be detected 
with accuracy and the transfer of liquid can be 
controlled. 
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[0066] EltSS^l fcLTii, *557»PZ 
T(PbTi0 3 -PbZr0 3 ) , 4^i±P Z T£±j£ 
T^fcL. PbBa, Sr, CaTtflitfefcW. &tz 
tt, PZTtH3^S-^5DL^, Pb (Sb 1/2 Nb 
1/2 ) 03, Pb (Mg 1/3 Nb 2/3 ) 0 3 , Pb (Co 
,/jNbj/j) 0 3 , Pb (N i 1/3 Nb 2/3 ) 0 3 #«1t^r 

^nyx*4 bjgft^ft, pt ( PbT i o 3 izmmm 

»^AtL^fc») imv^tit, tiz. iS4HF*^jff 

y7-yfbt'-ijr> (PVF) fSIg^^fflV^dfcfcT" 
[0067] f±ffi7 fc Lt(i®^y^bb"-;HS 

[0068] fim 7 vmmiz, m 1 1 t^-r i a ttt 

WS7Hati*i«^ A -7'8«tg iOfc 

S J »Wt»^tt«K7fc|5|tHS*^=5rl»x^-Hf (>F 

lx^&. itm. 7 cnmmim a zti&i- *.-7&$m 
i,z± <o , tkm7&mt&*z.-~?<nmkTm? 1 

Mxfi\ ^g4mm, rtfl3mmO««^bX^Stfl| 
K<7)3«- A -7"8T14^r B «^ 2 . 3 mmlzmZtl 
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[00 69] E€«^ 1 (4, tl»jf lMHzfOa 

«T-iMt t^*\ & ■ mmEmm^ ia, i b izm 

m*2, 000<OPZT*flJfflLfc. ffiWf 

fi , J±m«^ i ^isisasa s-ais l , w s i m a fc o 
cvwmmwkmfo (Nt = 2oooH z / m ) , «j 

*-7«9SSB&«oaF»1Ifc m&|3|— tcifttfr LTfc D . E€ 

[0070] j±m«^ i «^^i4. SiSf-A-^3gm 

*fl«I§^7mmat. tit, E^S^KOGOtt 
««2 (4m«ffi^ia^iflTU£U§i«OfMb > . «2 

a t , snrnT- 1 «j? § t mtm ( a + b > 

t ) ^ a (4 1 mmiy±<J0ii^^gT'l> "5 , a (4 
1. 4mmtLJt. (iiT\ af4i#«3^ btiffit 

S) . i«0ffi««^lt±. #ffiWB46KV£»7 0°C 

[00 7 1 ] J±tS^ 1 «ft'CM7^Jg#{4, $**q 
1 2 t LT-$ttRT V|£*ffl ( K E 4 5 -W : ftffl^ 
U3-> (ft) fcfflK «Sffl4J0{3{?^ffltff<^7 
T" , fl^WIHt W fcff 4 L ft v a 3 L , 

fBM 7*ffl^^-a-7"g*fiSt I JffH-«ai*(ClHI 
®*f4, ESi&S-CEft^llBr^-tJnEE (0. 5 

[0072] hi o(4, mui^mmi- 1 

[ o o 7 3 ] m 1 1 (4, m^i&wmenTm* 

Wrf- * - 7" 8 %&A,1iim £ tIAKill 
(a) K 09tC^t3l»J6OEm«^£$vM$ffi£ff 

^^wj^iffi^^n^ia (an (b) )?$> 

t. 

[0074] $mm 6 «it»t y-9-«^ loot ftej 

mmm. vmmmmi. mst 

[0075] mmm 1 1 r««#t«»u iytH 1 
t r« ttffifi Lfc t d ^n*w 1 t mmmn&ji m 

■k. 

[0076] ( mmm i ) mwmmkm lonm 
fitpzTEms^ i &m&M6 tmstzMLLmfm 

tU-J, SfSffltPTEmS^l^NKtSDlLT 



[0077] EUSPH^ 1 t *M(4 . mm 6 t llHit 
U P Z T J4 6 K VT' 7 0 JKOSBT' 2 0 L , 
PT(4JHiftIi5Elt'i'il!i|' l bL . ^li*«Vb*tN t — 2 2 4 0 
Hz/ml DEH«i^>J¥£t£2. 2 4mmt^lft 
if-Lfc. (ft) «^§{4»fi«l«ffS:S4 1 9a(4 
1. 24mmah«§i { «T'f)l ai4PZT^]« 
1 . 4 mm fc izmXLtz. #««Eiiff 3 ifc 0 4 . 
5KV<0#«*EE£Mtf-£fcftl OKV^mE^, » 

1 0 0°C«?«fg*T13:H< 3 O^IMBPILSflgflfc L 

n«tfF« Lfc t ^ ^ swct 1 1 mmmn ^ m 
[0078] ( mm s ) mn-&mmm 1 o «sft 

ICPZT-PNN ( Pb (N i i /3 Nb 2/3 ) 0 3 ) H 
^n7"x^^f hE«*^ 1^0 l(OXo KJDIL, iM 

ftat t/c . gffiit p z te€«^ i mmme t m 

[0079] &mm^ i (4. mtzmtm 1 1 n-t 
l, pzT-PNN{4^aga^iJ^t, jfaaNt 

= 1 950Hz/mJ:D£EWE^l<»3JPSttl. 9 5 

mmts«>iain.fc. mai m) comummmim 

0 a (4 0 . 9 5m m^JLhW^S j&^BTft 0 a (4 
1. 2mm<0»S4TJlO:Ufc. ^ffi«Ei4J¥§S^D 
P Z T |5)# 6 K V T 7 0 S^fflfC 2 0 ^l^ffi L t . 

aytMiPZTfcggfcfflifcH-fcu pzt(46kv 
7 o twawt 2 o #ia^ffi u; ( ; ti&mmm 

[ooso] ( mm 9 ) mm & vmmT \ m& 

f±«7fcABSffl!g^ffiV\ ||tfjl2CM 

JW (»£ :*>KMOS7) *ffl^TEm«^ 1 07 
5€« (€Sffi4) |:H:itU fS*tT(JB'2 4 

i^isiasfcB imitim Ltz . ; ii^[-(4»fiM 1 1 n 
itmmm^tam%fz, 

[oosi] (mtm i o ) mminEwm? 1 «a 
^*>*r, f±w«7tyy«g^^\ ff#ffli2t 

^: SGA-6 0) ^ffl^TEm«^75mSt%-t 

s#tT{js'2 AmmmMmLMimmh 
it. z.iwmmm\mm<?>mm&mm&i o 

2 0*7 1 r»fi^J 1 t N«(cf?tt L^ttt^H^^ t 
[0 082] 2 0-b-yb«eWiS^«^l 0 
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o^^*-f-|>fti^mEi±o. 5V+0. lV?*r>fc. 
[0083] (S&fcflJ 1 1 ) 0 1 2 (4, *fffl<Dfl!l<0!*I 

tifflitft?. zey&m (012(a)). worn 
0 mi 2 (b) ) 

[0 0 84] 01 2fci5Vvc, fcl^-WBjSK 

[0085] Hi 2tfc^T, &fS8tajja8^»-fe >"+f 
ffi^i ooii Em«^i^tt^#r&i-f-S*ffl3, « 
M4cr>2mVMffifrt>%:*) . -J«tffil (Kffi) 4 

«4C, -«MRTVSM#«ij (ijfcfr: ixUrJ-y 
3"A) . l«i^(42SM«x^MifHI^S*M (± 
]&»• : s«*" UTS KT$y. S£y!J3 y# 

TSy^^ft) ^^Sia^SWIl 2^/fLTf± 

7 fcjnfflsai t-c . . ftejK 7 (c« 

tfSft&^Uffiffi (jtffl) 3^WS3a, 3 at. ^ 

o. mm^mm^mmmbmmix, mnmz 

[0 0 86] Z0>2*3<Wm2, 2(4. E«»tU£# 

ffiS^SKtc, £E«f?l36«»6riftit:#SS#i4«tSI 

£ti& 4 7 t-tSfcfe^fcOTfti. 
[0087] <I OHlg|52 1. — SfflRT VjRSaBRl (± 
M:yij3-yiA), 1 ft* £{4 2 ftS^x^^f 
8IJIi«8»W : XjJfdfMffliJtfJTS h*75 

«M 2 a £ X* - y't 4 D a *} . SifiT# 2 0 BfPal 

4K 

[0088] EmsmfeLT(4. t7S'y?l«PZ 
T (PbTi0 3 -PbZr0 3 ) . ££J4PZT£±j£ 
7>fcU Pb^Ba, Sr, CatBSLtti?), 
(4. PZT{2H3^Sr^JlIt3t. Pb (Sb 1/2 Nb 
1/2 ) 03, Pb (Mg 1/3 Nb 2/3 ) 0 3 , Pb (Co 
i/ 3 Nb 2/3 ) 0 3 , Pb (Ni 1/3 Nb 2/3 ) 0 3 m<DM£ 
-xu 7" X fl i I- ff5 , P T (PbTiO !Ci it ■ i f- 

U77{Lb"-yT> (pvf) mm^im^^thx- 

[0089] Mg7 t LTI«f;|fJttt-/« 
AM, ABSffJflg. x^n-;MHflg, TU/HHIt^ttlR 

[00 90] f±« 7 0^18(4. El 1 1 fc^-f 4 -5 (eft 



m*) mx^tixa*). mui <nwm^-mz\m 

LTUS. ftflJSt 7 «EBif 4tf A § til. ?■ * 

ic4 o . i±muitemthi-2.-7-ffmtmmT i 

fiUfcf. JH4mm, P]g3mmO|):©mh''-;HSI| 
S«Sffi7^-78T14B&P B lFi& 2 . 3 mmtetSff-Sft 

So 

[009 1 ] mMT 1 (4. «»Jf«lr lMHz«S 
•MT^ItL^^'. j* ■ SfMEHfR^ la, lbCH 
m*2, OOOWPZT&ffifflLt. Et3R4M<7)J¥£ 
{4. E^fix 1 ^ _ m.1 Jf 3 1 mSfc *) 

nwmmmm^tb (Nt=2oooHz/m),it 
j±nm=FcDm$£ 2 mm tuz. ^tmz. ma- 

*-?l<7)*I£3. 3mmtLt. 
[0092] E€«7> 1 ^S£(4. }I?Sf^-7'3EffM 
^m^iS^^ctii: HSWCH-^S ^ffffl LE« 
Si i l<7)4S§Sr7mmtL/' 1 :. it, E«*T-1«H« 
^S2(4«ffifflA^{t^^TV^V^I«c7)fIb t . ?f 2 
«at, Em*T^ l^W^t^Mffi^ (a + b> 
t)*^. a(ilmmja±«a§36WCft"9, a (4 
1. 4mmtLfc. C:t\ a(4i*^§. b(4E« 

4) . i^fftif 1(4. ^HmE(46KV&^7 0°C 

[0093] EMM? 1 «ft««7^g*i4. 
1 2 t tT-«RT VJ««W (KE45-W: fiffl^ 
U3->' (f*) mSffi4«ii(i'^fflt??<^7 
T\ M^^MWlc^ft 4 7 C-IW t . 
tt«* 7 #fflc^ i - 7"^*{ug t (SS'R-O^Hcffl 

2 *i'f - a - 7" 8 «±fiftS(c% s 4 7 {; L T tm I 
fc. «*4. S5E?^TE7l&(55^-«nE (0. 5 
kgf/mm«) LTt5S'-^«BLTE£L 
fe. ^Sft@.@E)a4D^L. *°yrfcS#LSi» 

[0094] 1113(4. fWS 7 ^\E^«^ 1 & JS*^'J 

1 2 Lftftl^StlSIt* S . 

[0095] 01 4(4. 012 t^mtfiM 1 1 «Et 

&mm- *-78 mA.tmm^Ari^^m ( 0 1 
4 (a) . mi 2i l z^~tmmm6coEm.m^mmiH 

8itmA,tzw§$:JEmfrt>%fzm (014 ( t> ) ) x-h 

[0096] mmm 1 1 om^&^ > *m=F 1 0 0 1 ft 

WS7*^^m^^tt^l O^ffx^gOil 

«#^«ffi*n«ffi(4. 05 
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tm»x- 

[oo97] mmm 1 1 mmcom&xmmi. mm 1 
t pi* tiwi Lfc t ^msm 1 1 ia{j-|ai«^m^ 

[0098] mmm 1 2 ) m^mmmftm i o 
ftfit p z teh«^ i fcnitwi 6 1 H«tjni tmm 

SSfcU gfHItPTEm«^i*R«(cJniL 

[0099] mtmi- 1 taisit »sm& t mmz 

L, P Z TO 6 K VT* 7 0 Jg««ff T 2 0 #IS#B L , 

p Tiijf «ga s-aie l , isisasa n t = 2 2 4 0 

Hz/mi;>3Em«^OJ¥£t£2. 2 4 m m S^fS 
ft Lfc. DOiS (S) «^$i±»feMl«lfS5t:J; 0 a{i 
1. 2 4mm£Lt«&§tf&gt*'), a«±PZT|5|ft 
1 . 4 mm t LXMXLfz . *«flffi±J¥ £ Sfc 0 4 . 
5 K V W^Smff 5" EPJD-f S 1 0 K V«mffi £ , ft 

1 0 0°C«M«*T"i5S'3 0^Wffi5P!lSfiI?i: I 

fc. ;wm»tM 1 > i o 

fc. 

[0100] (ggftffj 1 3 ) jBff%ft&|ftffl$ 1 0 O}* 
fliJtPZT-PNN (Pb (N ii /3 Nb 2/3 ) 0 3 ) 

isfts at. sit lute p z te«*^ i immm 6 1 

[oioi] mnm=F 1 a, »«£Hfftffl 1 1 h-k 
u pzT-PNNiijusasa^asL. saaftNt 

= 1 9 50Hz/m±"3£E«3lf?l<OffSt*l. 9 5 

mmt^fgifL.^o Gasp («) mzizmmim 

JfccU 0 a(40 . 9 5 mmELbOSStfs&B-C* 0 ati 
1. 2mm^§iT-jDlLt, j)«tE(4ff£ 3/t 9 
PZTR«6KVT7 0 mcommX' 2 0 $MS#ffi L . 

PZTSr jSHSffl 1 fc|3Mc:L, P Z TO 6 K V 
-C"ft7 o°coffi«T-2 04Ma&*Lfc. -WiWiUMi 

w i fc nm^m^mm^ 1 o £?fmu »sm i 
[0102] (Mtpi4) mmn i<omfi» 

ffl^HfC, fttO«7tABSMI£ffiVK jfjfffll 2fc 
»*S'J (ffiflrfc : *>FMO S 7 ) £fJ^TEHS^ 1 

2 4 Btr^sftg Lit.z timimtm 1 

[0103] mmmi5) mtm\i2cnmMTico 
m^b^x\ n$m7izyv>iwmm\\ mm\i2 



tft*U «*LT{5iJ2 4«^gKML«^S*L 
fc. .TM^MiSlffiMl t|aI«0S#«mfS«^l 0 

2 o -t -y h -cn»j 1 1 Ltet^ira^t t 

[ 0 1 0 4 ] it> 2 O-fc ■•/ h^eWiSMfStt^ 1 0 

^^ffi-rsftj^mEiio. sv±o. lv-cfc^t, 
[0105] mmmt lx. mm^yrm^ttz 

[ 0 1 0 6 ] Wi 1 5{±. Al*£-S-tf*^Jfll« 

mmatsmmm^-m^^tmT. 3 o^* 
?hjfli?sffis@ff^ £ $y» t h it^-?h mm*®; . 3 

H±AX». 3 5iiH?Slrft3'[-fIS$-ti:l.3i^^y7\ 

1 oim^-&m&m&^xfc6« 

[0107] sg^Mm^^tHlf 1 0 teti. 1 ~ 1 

ass 1 ou, aim 3 1 ts^yr3 2 1 wiatsft 

{zm^ ^x . mw*ik 3 0 tifttt *utffiuffir-sii 2 4 ( is 

[0108] (mm i)ai6 t^rt i 3 ^r, mm 
m ( wis 3 ) conm* m\m 3 b tmwm \mt 
imm<r>mw< mm) z^L%^mm<r>mmm=F 1 
1 >s#sM?a«ais&flt«ufe. ^ittitp zte« 

* *3tHI9Sfc U Sfi«tPTE««^£gfl^tt 

[0109] E««TO, SSE CM) t*L«rv^Bi 
tWi^K £*»J 1 1 N-t L , P z Tii 6 KVt'|i) 

7 0 vcnmmx 2 0 ^r^^s Ltztz ^Exm^-mm 
imttt^mmmnmxmmikmttmc\ mmm* 

ftoZktfTZKfr^fZ.. ttz. PT(±Jf§t£2. 2 
4mmfl)±tSfl:l OKVOmE^, MlfSSl 0 0 

m-i Lftmym&n ozt tfxz tz . 
[ 0 1 1 0 ] *ffi€E£T(f , ^s^rt^Pi^^ 

If^td^, PZTii2. 5KVT"PT(i3KVT"J) 

ofc. i«E€*^&fa^^K^£«t, ssm 

M^3. 5mmffi5*«EiiOV£^L, 3. 5mm 
JiLhWM^ t*f UBS o fc . 

[oin] (jt«EM2 ) 01 7^t-j;3^, nam 

ffi («W3 ) »lfI*EPl^3b^3mmTlf^ 
(DOS) £*t^^g«Em*^l^VK 

y?t l , gfHItPTEmS^^SfHr^^t L£ s 
E«»^ « 1S-ti£(iHffl€SI§ t 3 m m JDH t 5 . 3 
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mmi/jyve e c L/C. 

[0112] ffitoE«*^ 1 ti, SSB (DOSS) £*L& 

ffllfcl^KU PZT«6KVt*7 0fl&Z>»HtrC2 0 

o » 3 h l 5 lililf t fiffimffi^T-Mfem 

[0 1 1 3] PTiiJf i ?t^2. 2 4mm«EI 

fflClOKVOtff^, *tJl 0 0'C<?DiSffltf>'C3 0 

^^ffispi Lfc i 2 o \m^>r>v<n^T i 

[0 1 14] #ffi^£4?ofc:5^<?X PZTO 

Unftii: 5 ffl t P T Sift 2 fflT" 2 * -y I- O^SttffiiS £ <¥ 

#s«SKii:MS^4 mmm^BiltixM 1 0 
V£^U 4mm£U:«$Ga{c*tUiB!S:t*S i Sr*>o 
fc. 

[ o 1 1 5 ] tt:. mmmmm (.mmmm^iix 
v ^mttzimm ) i &t*#t s*> 

LTiJS LT «, WHtt»ISj6« 3 0 %JiLh fc ft 0 HfflJJS] 

m-tmmm^m (k t > wwffi-csswc*-^ 

[0117] (^Hj^ft) *fgHHi±, E«*^t , E 

y -9-«^ t foox. -xcrmmi. , Em«^ con 

[0118] ^ V^flmEES-EMn-C^ Em#= 

fc j«a *) mm mta-ti m^m&ittf 
[ o 1 1 9 ] tit. y£mvmE*&.£ ± 

!> ii«Wa*>l < * 0 S H ft«*^i 0 ± L , H 



[0120] EH«^ t , EHm^tizttfo 

t>ti.mmt mmu^mmcDsm t <^uz^mf&±m^ 
Bs&ztitzzbmmti-m^m-tyy-M^t . z.<r> 
mrm^zx *) ®&ztitzimizm->\ mmmx> 

Tisx r a r h MW&-t y^rmT^mtm ^ 
ti. -f2-~7mzMAtinm£<ommz. ioia 

[M^^f^] 

[0i] *«B3w^jft^ i mbimm^mn 

[02 ] 01 «EtSI^ o»tM0T"I) S . 

[03] 0lwE€«^^ffl^^S^a^ttfHS^ 

[04] 03 'm^mmmmm^^-^zm*L 

[05 ] *ii^Hjc7)»fiPjoEms^ *fflofcs«att 

[06] immm%mm<r)mM^^tzmw& 
mmmmmmmyT^mmTfoi. 

[07] ^W^wHtt^EmS^^ffio^gWift 
[08 ] *Bf£0^ilJft^E't«i i ^WIUc 

[09 ] *n^<7)Siisw6 tffifci>Em«^«wi 

0&t f DTffi0T"*^„ 

[010] 09WEm«^&fflV*@^m^*S 

[0ii] m9<7ymmMkmt:i-^7[zm 
itztmtt ±.fr t> fuz m&v* * - 7 tg# Ltmi ^ 

[012] *B«0fl«M4W 1 1 fcffifc S EMM^ 

[013] 012«E«*^Srffl^^S^M^tti 
^^^•T0T*l, o 

[014] mi2(Dmmmmm^i-^~7izm 

[015] ifrnw^mmm^EMX^mm ucg 

[0i6] ^*osii«Em*^ wifffiT'j) § . 
[017] mkcommmm^mmTfo & . 

[ff^l^HJ!] 
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3, 4--WM 
3b---m«*EPSiJgp 

5-mmm 

7 -MS 

9 

9 a-SwS 



1 

l 3-iSA' 7 / 
l 5-ggffl*°y7° 

1 7- sfifflj±m»^ 

18- gfifflE€H^ 

1 9-i*ffi¥±^>y?- 

2 4-ffl»HI» 

3 0-SB#fle 
3 1 -Alii 

3 5-3^yr 
ioo-jBff»-fev?*f 
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(si) int. ci. e mmm rmmm^ 

G 0 1 N 29/24 



